There is increasing interest in the role of poly morphonuclear (PMN) leukocytes in the evolution of fo cal cerebral infarction. Surgical preparation of focal ce rebral ischemia models may alter leukocyte reactivity and thereby make interpretation of leukocyte function follow ing ischemiaireperfusion difficult. The effects of surgical preparation and of experimental ischemiaireperfusion on granulocyte function have been examined prospectively in a baboon model. Twenty-six adolescent male baboons underwent surgical preparation, of which 21 underwent middle cerebral artery occlusion/reperfusion. Four addi tional animals served as nonsurgical controls. Peripheral venous blood specimens were taken for performing as says of leukocyte function at defined intervals before and after both the surgical preparation (i.e., the overall pro cedure for implantation of the middle cerebral artery oc clusion device) and occlusionlreperfusion. A stress related elevation in total leukocyte number was attributed mainly to an increase in the number of circulating PMN leukocytes. Values rose from 13.9 ± 4.9 x 103 to 27.8 ± S.8 x 103/fLl, (±SD; n = 21) for total leukocyte number, withp < 0.001, and from 4.3 ± 2. 1 x 103 to IS.9 ± 4.7 x 103/fLi (n = 21) for PMN leukocytes, with p < 0.001.
Summary: There is increasing interest in the role of poly morphonuclear (PMN) leukocytes in the evolution of fo cal cerebral infarction. Surgical preparation of focal ce rebral ischemia models may alter leukocyte reactivity and thereby make interpretation of leukocyte function follow ing ischemiaireperfusion difficult. The effects of surgical preparation and of experimental ischemiaireperfusion on granulocyte function have been examined prospectively in a baboon model. Twenty-six adolescent male baboons underwent surgical preparation, of which 21 underwent middle cerebral artery occlusion/reperfusion. Four addi tional animals served as nonsurgical controls. Peripheral venous blood specimens were taken for performing as says of leukocyte function at defined intervals before and after both the surgical preparation (i.e., the overall pro cedure for implantation of the middle cerebral artery oc clusion device) and occlusionlreperfusion. A stress related elevation in total leukocyte number was attributed mainly to an increase in the number of circulating PMN leukocytes. Values rose from 13.9 ± 4.9 x 103 to 27.8 ± S.8 x 103/fLl, (±SD; n = 21) for total leukocyte number, withp < 0.001, and from 4.3 ± 2. 1 x 103 to IS.9 ± 4.7 x 103/fLi (n = 21) for PMN leukocytes, with p < 0.001.
Polymorphonuclear (PMN) leukocytes may play an active and significant role in microvascular events (Ernst et aI., 1987; Vernes and Strik, 1988; delZoppo et aI. , 1991; Mori et aI., 1992) , parenchy-Surgical preparation had no effect (p � 0.4) on the ability of PMN leukocytes, isolated 24 h after the implantation procedure, to display polarization, 0 2' -production, or r3-g1ucuronidase release when stimulated with human CSa. A moderate decrease in the chemotactic response to CSa resolved within the 7-day postsurgery (preocclusion) period. Three-hour middle cerebral artery occlusion and I-h reperfusion resulted in a significant reduction in CSa induced pblarization. The preocclusion value of 82 ± 9.7 (n = 7) was cOlT)pared with the occlusion/reperfusion value at S8.8 ± 13.7 (n = 6; p < O.OS). A moderate de crease was observed in CSa-induced 02' -and r3-g1uc uronidase release, as well as a decrease in the chemotac tic response. In the nonhuman primate model, the revers ible alterations (i.e., chemotaXis) in granulocyte function that were noted following surgical preparation resolved within 7 days. In contrast, middle cerebral artery occlu sion/reperfusion was associated with a more dramatic and significant reduction in multiple granulocyte functions elicited by the endogenous mediator CSa as observed 1 h postreperfusion. Key Words: Baboon-Chemotaxis Focal ischemia-Middle cerebral artery-Polymorpho nuclear leukocyte. mal injury (Vasthare et aI. , 1990) , and perhaps clin ical outcome during ischemic stroke. While a small number of clinical studies on patients recently ex periencing stroke have indicated associative alter ations in leukocyte rheology, (Ernst et aI. , 1987; Vernes and Strik, 1988; Grau et al., 1992) , up regulation of the granulocyte 132-intergrin CD18 (Grau et aI. , 1992) , and metabolic activation (Grau et aI., 1992) , the practical limitations of those stud ies prevent a truly prospective investigation. Even less is known about the status of leukocytes in an imal models in which single-vessel occlusion is per formed to induce focal cerebral ischemia.
To interpret the potential role of PMN leukocytes in events associated with experimental cerebral ar-terial occlusion and reperfusion (O/R), it is neces sary to know whether surgical preparation of the focal ischemia (I) model itself alters leukocyte func tion. The surgical procedure(s) andlor anesthesia may result in elevated numbers of circulating leu kocytes and may cause subtle, but detectable, al terations in leukocyte function. These changes may ultimately affect peripheral granulocyte function and leukocyte-mediated events in experimental I. Following experimental middle cerebral artery (MCA) O/R, PMN leukocytes may contribute to mi crovascular defects (delZoppo et al., 1991; Mori et al., 1992) and to the maturation of ischemic neuro nal injury (Garcia et al., 1993) . The time frame for O/R in this nonhuman primate model is that which is being exploited in the clinical arena. It is possible that subtle effects on PMN leukocyte activation may occur, exclusive of alterations in absolute granulocyte count (Prentice et al., 1982; Harrison and Marshall, 1987) , and that the subsequent cellu lar activation events may play a significant patho physiologic role in postischemic tissue injury. If preparation of the animal model alters leukocyte function, it is anticipated that the neuropathologic outcome of an experimental focal ischemic lesion will be altered.
This study documents the effects of surgical prep aration and early reperfusion following cerebrovas cular occlusion on the functional status of periph eral PMN leukocytes in a well-defined nonhuman primate model of MCA O/R. PMN leukocyte migra tory function was assessed by evaluating both mor phologic changes and chemotactic behavior. The ability of cells to release oxygen free radical prod ucts and granular enzymes upon in vitro stimulation by endogenous or exogenous mediators was also measured.
MATERIALS AND METHODS
Twenty-six consecutive adolescent male baboons (Papio anubislcynocephalus) undergoing MCA O/R and four baboons undergoing no surgical procedure (nonsurgical controls) were investigated in this study. The animals employed for these studies overlapped with those participating in published work on endothelial receptor up-regulation (Okada et al., 1994) . Animals weighing 6.3-11.7 kg were conditioned for human contact and observed to be clinically without infection during a mandated quar antine period before entry into this study. All pro cedures were approved by the institutional Animal Research Committee and were performed in accor dance with guidelines promulgated by the National Research Council (the Guide for the Care and Use of Laboratory Animals), and the U.S. Department of Agriculture Animals Welfare Act. No animal re ceived any procedure or investigational agent prior to entry into this study.
The surgical preparation of the nonhuman pri mate model for reversible MCA 0 involved implan tation of a Silas tic balloon occlusion device (Mentor Corporation and PS Medical, Goleta, CA, U.S.A.) through an orbital window (delZoppo et al., 1986) with the modifications noted by delZoppo et al., Mori et al., 1992) . Following ketamine ana lepsis (10 mg/kg), anesthesia was routinely induced by inhalation of 3.0--5.0% halothane and maintained by halothane at 1.5-2.0%. The implantation proce dure involved the transorbital approach, removal of the medial sphenoid wing and portions of the adja cent middle fossa, with exposure of the internal ca rotid artery and MCA. The balloon and titanium artery hooks of the occlusion device were placed around the MCA, proximal to the origin of the len ticulostriate arteries. The proximal portion was placed subcutaneously in a tunnel near the apex of the head. Postoperative recovery typically occurred within 1 to 4 h and the subjects were fully active within 12 to 24 h. Neurologic function was evalu ated and then monitored by three individuals in a blinded fashion for an additional 7 days prior to beginning the MCA O/R experimental protocol.
In preparation for the experimental procedure, the awake animal was placed temporarily in a Davis-type restraint device. Following preparation of the scalp and local anesthesia with 1 % lidocaine, the proximal port of the occlusion (0) device was exposed. MCA 0 was maintained by inflation of the extrinsic MCA balloon for 3 h followed by reperfu sion (R). Momentary and variable agitation was ob served in some animals approximately 5 to 10 min after MCA O. No intervention was applied in any subject studied here. In the nonsurgical control group, local anesthesia with 1% lidocaine only was applied.
For the hematologic studies 5 ml of whole blood was drawn from a peripheral vein into 10 mM EDTA at various times, beginning prior to anesthe sia (Fig. 1) . The total white cell count, white cell differential count, hematocrit, and platelet count were determined on a Baker 9000 (Allentown, PA, U.S.A.) whole-blood analyzer. Whole-blood sam ples for PMN leukocyte function studies were also collected in 10 mM EDTA (Fig. 1) .
In the nonsurgical control group, blood samples were collected at 0 and 3 h following lidocaine in jection for hematologic measurements and for PMN leukocyte function studies. For the PMN leukocyte function studies, granu locytes were isolated from whole blood by density sedimentation as described by Boyum (1968) . Whole blood was carefully layered over Ficoll Paque (Pharmacia, Piscataway, NJ, U.S.A.) and centrifuged for 30 min at SOOg. The PMN leukocyte containing pellet was further purified by hypotonic lysis of red blood cells, washed twice, and resus pended in Earle's balanced salt solution (EBSS; GIBCO, Grand Island, NY, U.S.A.), unless indi cated otherwise. Typical preparations contained more than 97% PMN leukocytes. All experiments were completed within S h after blood collection. Either a complete or a selected group of ex vivo functional studies was performed, depending on the PMN leukocyte yield. This resulted in evaluation of partially overlapping subgroups.
Chemotaxis of baboon PMN leukocytes was measured in modified Boyden chambers (models PC-4 and LC-4; Adaps, Inc., Dedham, MA, U.S.A.) as described previously (Dahinden et aI., 1983) . Cells that migrated through the entire thick ness of an 8-lLm cellulose nitrate micropore filter (Catalog No. 11301; Sartorius, G6ttingen, Ger many) were counted after a ISO-min incubation pe riod in S% CO2 at 37°C. The upper chamber con tained purified PMN leukocytes (S x 10 6 cells in O.S ml) suspended in 1% bovine serum albumin (BSA; Sigma, St. Louis, MO, U.S.A.) in EBSS. The lower chamber contained chemoattractants diluted in the same buffer. Serial dilutions of zymosan-activated baboon serum (bZAS) were used as a source of CSa chemoattractant. The bZAS was stored in aliquots at -70°C prior to use. The estimated CSa content of bZAS was 330 nM (Wagner and Hugli, 1984) . Dur ing the ISO-min incubation, a total of 40--60% of the cells migrated through the filter when optimal dilu tions of bZAS were added to the lower chamber. The buffer control typically gave a I.S-S.0% back ground of chemotaxis. The number of cells migrat ing into the lower chamber was determined using a Coulter Counter (Sysmex F300; Kobe, Japan) (Em ber and Hugli, 1989) .
The generation of superoxide dismutase (SOD; Sigma) inhibitable 02' -was determined using a modification of the technique of Pick and Mizel (1981) . The stimuli [human CSa or phorbol 12myristate 13-acetate (PMA); Sigma] were added to microtiter wells (Flow Laboratories, McLean, VA, U.S.A.), which were warmed to 37°C. Cytochalasin B (Sigma)-treated PMN leukocytes (S ILg/ml of cy tochalasin B for 10 min at 37°C at S x 10 5 cells/well) were then added. A SO-ILl aliquot of 80 ILM cy tochrome c (Sigma) was added to each well and the final volume was adjusted to 200 ILL Control wells also contained 3,000 Ulml of SOD. After IS min of incubation at 37°C, absorbance was measured at SSO nm, using an automated enzyme-linked immu nosorbent assay (ELISA) reader (Titertek Multi skan MCC/340; Flow Laboratories). The quantity of reduced cytochrome c was calculated after sub stracting SOD controls, using the molar extinction coefficient of 2.1 x 10 4 M-1 em -I . Results are ex pressed as nmol 02' -generated/S x 10 5 granulo cytes/IS min.
Release of [3-glucuronidase by baboon granulo cytes was determined as described (Schroeder et aI., 1987) ., Cytochalasin B-treated neutrophils (1 x 10 6 cells) were incubated in the presence of the stimulant (human CSa) for 60 min at 37°C, then cen trifuged, and the supernatants collected. The super natant (SO-ILl aliquots) was incubated in triplicate with SO ILl of 10 mM p-nitrophenyl-[3-D-glucuronide (Sigma) (in 100 mM Na acetate at pH 4.0) for 18 h in 96-well microtiter plates (Corning, Corning, NY, U.S.A.). The reaction was stopped by adding 100 ILl of 400 mM glycine buffer at pH 10.0. The developed color was read at 40S nm using the ELISA reader. Release of [3-glucuronidase was expressed as a per centage of the total cell enzyme content estimated after the addition of 0.2% Triton X-I00 (Pierce, Rockford, IL, U.S.A.). Baseline [3-glucuronidase release expressed as a percentage of the total en zyme content of the isolated baboon PMN leuko cytes was not significantly different immediately before MCA ° or 1 hr after MCA O/R. Assays to measure the polarizing effect of the chemotactic factors on PMN leukocytes are de scribed by Haston and Shields (198S) . PMN leuko cytes (l x 10 6 cells/ml) were suspended in 10 mM 3-(N-morpholino) propanesulfonic acid (MOPS; Sigma) containing EBSS. The cells were incubated with the chemoattractant for 30 min at 37°C, then fixed with 2.S% glutaraldehyde. After 10 min of in cubation at room temperature, the cells were washed twice and stored until examined by micro scope. Cells deviating from the typical spherical shape were scored as polarized. Results are ex-pressed as the percentage of polarized cells per total cells counted (200 cells per sample) (Ember and Hugli, 1989) .
Neurological function was assessed in a blinded fashion according to a well-defined 100-point scale weighted toward unilateral motor function loss as described previously (Spetzler et al., 1980) . The neurological score was determined by two or three investigators on the awake subjects prior to the sur gical procedure, 24 h postoperatively, and daily thereafter to the experimental day and serially post MCA O/R (Table O. All values are expressed either as the mean or as the mean and standard deviation. Data were ana lyzed using the Kruskal-Wallis nonparametric anal ysis of variance test and, when appropriate, a mul tiple-comparison post-test (Dunn's) was performed (GraphPad Instat; GraphPad Software, San Diego, CA, U.S.A.). Statistical significance was set at p < O.OS.
RESULTS
A decrease in the mean neurological score from 100 (normal) to 92.7 ± 1S.1 was observed for the group of 26 animals undergoing MCA device im plantation during the immediate postoperative pe riod (Table 1) . This reduction in score was related directly to five subjects that developed various neu rological defects (mostly contralateral VIIth nerve palsy or mild hemiparesis) associated with implan tation of the device. Subsequent evaluations of PMN leukocyte function excluded those subjects.
At 24 h following the MCA device implantation procedure (Fig. 1) , the hematocrit had decreased approximately 10%, but it returned to baseline prior to the initiation of MCA 0 in subjects without neu rological deficits (n = 21) (Table 1) . A significant increase (p < 0.001) was seen postoperatively in total white cell count and absolute numbers of PMN leukocytes, followed by a return to baseline levels over 7 days. Baseline values for measurements ob tained from all subjects were in agreement with pre-viously published values (Mori et al., 1992) . No substantial changes in the platelet count were noted after the implantation procedure.
The surgical implantation had no effect (p � 0.4) on the ability of PMN leukocytes, isolated 24 h fol lowing surgery, to undergo polarization ( Fig. 2A) or to release either superoxide ion (Fig. 3A) or l3-gluc uronidase (Fig. 4A ) in response to the endogenous mediator CSa. Superoxide ion release induced by the exogenous mediator PMA was also unaffected by the surgical procedure (Fig. SA) . Pre surgery lev els of PMN leukocyte reactivity in the polarization assay, as well as in the enzyme release and O2' generation response to CSa or PMA, were con firmed at 7 days after surgery (see pre-MCA O/R values in Figs. 2B, 3B , 4B, and SB). A moderate, but not statistically significant, decrease in the che motactic response of PMN leukocytes was noted 24 h following the implantation procedure (Fig. 6) . The decreased chemotactic response was manifested by reduced numbers of migrating cells at the higher stimulant concentrations (p > 0.1), without a no ticeable shift in the CSa concentration required to achieve a maximal response.
While the blood samples collected before and af ter the surgical implantation procedure were from awake animals, the surgical procedure itself was conducted under general anesthesia as described under Materials and Methods. Neither the general anesthesia (data not shown) nor the implantation procedure ( Figs. 2A, 3A , 4A, and SA) had a long lasting effect on PMN leukocyte function. In prep aration for MCA O/R, 1% lidocaine was adminis tered subcutaneously.
MCA O/R was accompanied by a decrease in the pre-MCA 0 mean neurological score of 100 (nor mal) to S1. 7 ± 24.6 at 4 h (Table 1) . During this period, the mean hematocrit gradually decreased, probably due to hemodilution. A significant (p < 0.001), 370%, increase in the absolute PMN leuko cyte count was also observed. This increase over the pre-MCA 0 values greatly exceeded the in- a Comparison with presurgical total leukocyte or absolute PMN leukocyte counts (p < 0.001). b Implantation data refer to n = 26 subjects undergoing the implantation procedure, whereas MCA O/R data refer to 21 subjects whose postsurgical neurological scores were 100. Data from the remaining five subjects were not obtained.
creases in the absolute PMN leukocyte count ob served during the implantation preparation (200%) and noted in the nonsurgical control group under the same conditions (270%) ( Table 2 ). The platelet count was unaffected. Peripheral blood PMN leukocyte reactivity to C5a after MCA aiR was measurably decreased rel ative to baseline pre-MCA a values. The reduced sensitivity to C5a was evidenced by a shift in the respective dose-response curves toward higher stimulant concentrations. A significant (p < 0.05) decrease in C5a-induced PMN leukocyte polariza tion was observed at the maximal stimulant concen tration and an overall shift occurred in the dose response curve following MCA aiR (Fig. 2B) . A moderate but significant reduction in the dose response curve for [3-g1ucuronidase release at 8 and 40 nM C5a (Fig. 4B) , as well as for O2' -production, was also observed at submaximal C5a (1.6 nM) andl or PMA (10 nM) concentrations (Figs. 3B and 5B).
A slight shift in the dose-response curve toward higher stimulant concentrations for chemotaxis and A: e, Gells isolated prior to MGA 0 device implantation (n = 6); 6., Gel Is isolated 24 h after the MGA 0 device implantation procedure (n = 7). B: e, Gells isolated before MGA O/R (n = 6); 6., cells isolated at 1 h of R (n = 7).
A reduction in the cellular response for the MGA O/R group (8; 6.) was observed at the higher G5a levels tested: "' p < 0.05. "0 E -.5. maximal cellular response to C5a was observed fol lowing MCA aiR without a corresponding change in the number of responding cells (Fig. 6 ) .
To determine whether lidocaine affected PMN leukocyte function, experiments were performed involving four subjects not undergoing the implan tation procedure. No change was observed in PMN leukocyte reactivity involving C5a-induced PMN leukocyte polarization, O2' -production, enzyme release, or chemotactic response (data not shown). On the other hand, PMA-induced O2' -production was reduced in a similar fashion to post-MCA a levels for the MCA aiR cohorts shown in Fig. 5B .
DISCUSSION
The activation status of circulating PMN leuko cytes during focal cerebral ischemia in humans is difficult to monitor because both sampling times and interventions are generally beyond the control of the study (Ernst et aI. , 1987; Vernes and Strik, 1988; Grau et aI., 1992) .
There is growing interest in studying possible roles of PMN leukocytes in experimental models of focal cerebral ischemia (I). A primary concern is that modulation of leukocyte function during model preparation, including anesthesia and surgery, as well as during the ischemic event, may influence results obtained in the experimental acute focal I/R setting. Therefore, we have undertaken this con trolled study of PMN leukocyte reactivity before and after surgical implantation of an MCA 0 device (implantation procedure) and following acute focal I/R in a well-described awake nonhuman primate model.
The marked increases in circulating white blood cells and absolute PMN leukocyte numbers mea sured after MCA device implantation were attrib uted to anesthesia and to a general surgical stress phenomenon common to many species (Ives and Dack, 1956; Schalm et aI. , 1975) . Sensitive studies of circulating PMN leukocyte behavior indicated that, if effects on cellular reactivity were caused by the implantation procedure, they were below meac ., the number of circulating cells were significantly elevated (Table 1) . Despite considerable individual variation among animals in the mediator-stimulated cellular re sponses, no differences were observed in the mean responses of granulocytes isolated either before or after the implantation procedure. Dose-rate profiles for each subject were consistent, so that the large standard deviations represented variation (in degree of response and baseline) among individual animals. This indicates that even small differences in the ac tivation state of the isolated cells could not be dis cerned. In contrast, a reduction in the C5a-induced granulocyte chemotactic response was noted within 24 h after MCA device implantation. This was de tected both as a reduction in the maximal number of responding cells and a flat chemotaxis response curve. In humans, postoperative impairment of PMN leukocyte chemotaxis has been observed, which is usually reversible within 24 h (Bowers et aI., 1977; Moudgil et aI., 1981) . This transient de pression of PMN leukocyte chemotaxis was attrib uted to the inhaled anesthetics, including halothane, used for general anesthesia (Moudgil et aI., 1981 (Moudgil et aI., , 1984 . The adjunctive use of epinephrine can also produce a significant decrease in human granulo cyte chemotaxis (Stanley et aI., 1978) . Therefore, it is likely that a combination of halothane anesthesia and endogenous mediators from the stress reaction in the experimental subjects contributed signifi cantly to the depression in PMN leukocyte chemo taxis following implantation. In contrast, ketamine was shown to have no influence on primate PMN leukocyte chemotaxis (data not shown). These find ings imply that transient depression of granulocyte chemotaxis may occur in preparations of cerebral ischemia requiring general anesthesia.
A significant increase in total white cell and ab solute PMN leukocyte counts occurred within 1 h of MCA 0 and beyond. The increase was greater than that observed following MCA device implantation or in the nonsurgical control group. It is likely that this increase is induced by stress in the setting of J Cereb Blood Flow Metab, Vol. 14, No.6, 1994 MCA OIR (Hull and Raskob, 1986) . This is sug gested by the elevation of the mean total white cell and absolute PMN leukocyte counts in the control cohort, a response also noted in other animal spe cies (Ives and Dack, 1956; Schalm et aI., 1975) . Leukocytosis is generally transient, reversible, and situation-limited.
In addition to stress, the ischemic events follow ing MCA 0 may contribute to increased leukocyte number. It cannot be excluded that MCA 0 per se contributes to leukocyte count elevation. It has been shown that bolus injection of C5a or other PMN activators, inflammatory mediators, and physiologic chemoattractants results in marked leu kocytosis immediately following leukopenia in rab bits (Jagels and Hugli, 1992) . In connection with myocardial ischemia, elevated C3a, C4a, and C5b-9 plasma levels have been reported, indicating com plement activation (Yasuda et aI., 1990) . We cannot rule out the possibility that, in the case of MCA OIR in the primate, systemic release of complement ac tivation products were partially responsible for the persistent changes in leukocyte counts. Such in creases in cell counts probably result from a com bination of demargination and a rapid outpouring of mature granulocytes from the bone marrow. This may differ from the increases observed under gen eral anesthesia. In contrast to observations with the postimplantation and control group, the elevation of the PMN leukocyte number during MCA OIR was associated with a measurable and significant de crease in either the response or the sensitivity of PMN leukocytes to C5a.
MCA 0 was consistently associated with a shift in the PMN leukocyte response curves to higher stimulus (C5a) concentrations for granulocyte po larization and l3-glucuronidase. This response indi cates that isolated cells were rendered less respon sive to the endogenous mediator C5a early after MCA O/R. We suggest that this effect was due ei ther to a specific down-regulation of C5a receptors on PMN leukocytes or to release of less responsive mature granulocytes from the bone marrow. A sim ilar shift in PMN leukocyte chemotaxis was ob served after MCA O. In contrast to the above find ings, reduced granulocyte production of O2' -after PMA stimulation occurred in both the MCA OIR and the control groups. Except for the PMA exper iments, changes observed in cellular behavior indi cate that the local ischemic event, in the absence of general anesthesia, exerts an influence on the cir culating pool of white blood cells.
A possible explanation for the universal reduc tion in PMN leukocyte responsiveness following MCA OIR is that the granulocytes were partially stimulated by combinations of endogenous media tors released during MCA 0 andlor MCA O/R. It is possible that humoral factors, such as complement products, or cellular factors, such as the bioactive lipids generated in the injured endothelial cells dur ing I1R, are mobilized and influence PMN leukocyte function. Complement activation and the desensiti zation effect by the released C5a would explain the reduced in vitro responsiveness of isolated periph eral PMN leukocytes in the C5a-induced chemotax is, enzyme release, and superoxide production. It is difficult to investigate the marginating PMN popu lation, although this population of cells might be the one that plays a major role in pathologic damages at the ischemic site. Changes detected in the circulat ing cellular pool might mark major cellular events effecting the marginating cellular pool also.
Integrin up-regulation as a result of MCA O/R is also suspected to affect granulocyte reactivity and play a major role in cerebral no-reflow. Previous work under identical conditions has suggested that blockade of the leukocyte �2-integrin by an anti CD-18 monoclonal antibody suppressed MCA O/R induced no-reflow, indicating that PMN-endothe lium adherence through �-integrin plays a major role in capillary occlusion following ischemic events (Mori et aI., 1992) . In addition, in rabbits, where a single bolus injection of C5a or tumor ne crosis factor-a induced leukocytosis, this response did not require up-regulation of �2-integrins or down-regulation of L-selectins (Jagels et aI., 1993) .
Other work with I1R in noncerebral models has demonstrated changes in PMN leukocyte functions. Previous studies following I1R injury of skeletal muscle in dogs indicated an increased production of superoxide anion by isolated PMN leukocytes (Ca bria et aI., 1991) . A canine acute myocardial I model was used in which the adenosine level was in creased by 5-amino-4-imidazole carboxamide riboside administration to reduce superoxide radi cal formation by the PMN leukocyte (Engler, 1987) . In this model collateral blood flow was increased and the frequency of arrhythmias was decreased, suggesting an influence of O2' -on hemodynamics. Simpson et al. (1965) administered Iloprost to dogs undergoing myocardial I/R, which significantly re duced infarct size. PMN leukocyte accumulation 6 h after R was markedly reduced based on tissue myeloperoxidase activity. Neutrophil phagocytosis and chemotaxis were increased after skeletal mus cle and I1R in the rabbit, both functions indicating PMN leukocyte activation Hanna, 1991, 1992) . Consequently, evidence from nonpri mate animal models indicates that the PMN leuko cyte has a role in post-I1R injury. The studies per-formed here employed peripheral venous blood samples. We propose that alterations observed dur ing early focal I may have rendered the normal cir culating PMN leukocyte pool less responsive t o mediators released during the ischemic event. Al ternatively, a less responsive subpopulation of granulocytes may increase in circulation following extraction of an activated and more responsive group of PMN leukocytes by trapping in the cere bral (or pulmonary) microvasculature or recruit ment to the ischemic zone. In either case, indepen dent assessment of granulocyte activation and reac tivity at the ischemic site, as well as investigation of systemic and local complement activation, is nec essary to provide a clearer picture of these events.
Finally, the preparation of the nonhuman primate model of reversible MCA 0 produces no substantial permanent alteration in circulating granulocyte function, thereby making this model a suitable prep aration for examining the effects of single cerebral artery O/R on granulocyte behavior in the absence of general anesthesia. To date this is the only model validated for PMN leukocyte behavior. Long-term studies are needed to demonstrate whether depres sion in granulocyte responsiveness seen early fol lowing MCA O/R in this model is sustained or is a purely transient event.
